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Abstract 
In the environment of HTHP and high H2S, the sour gas enters into the annulus as a result of various factors, leading 
to annulus pressure and inducing the risk of the stress corrosion cracking in the oil string or the upper casing. To 
solve the problem, the environmental fracture toughness of C110 high strength casing steel was tested in the NACE A 
solution and the wellbore protection fluid in simulated conditions in the CORTEST pressure testing system and 
homemade HTHP autoclave using NACE DCB method in this paper. Wellbore protection fluid is a corrosion 
inhibitor for steel in oil pipe and annulus. The results indicate that the environmental fracture toughness KISSC of 
C110 casing steel is 22.78 MPa•m1 / 2, showing strong environmental cracking sensitivity in the standard NACE A 
solution. In the wellbore protection fluid under the simulated down hole conditions, where the partial pressure of H2S
is 1MPa, the partial pressure of CO2 is 0.6MPa, the total pressure is 48Mpa and the temperature is 110℃, it has good 
resistance to stress corrosion cracking. It can be concluded that excellent wellbore protection fluid greatly increases 
the resistance of the material properties to environmental cracking. Research results in the paper provide a reference 
to the safe operation and management to the annulus pressure well in high sour gas fields. 
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1. Introduction 
With exploitation of HTHP and high H2S oil and gas fields, there is a strong demand for tubes which 
have good resistance to sulfide stress cracking. However, application of high strength casing steel is 
limited in high acidic environment because of its lower resistance to SSC [1-4]. Environmental cracking 
occurs in sour gas field can affect gas exploitation and cause huge economic losses. Meanwhile, it may 
pollute environment, even threaten personal safety [5-7]. Most sour gas wells developed these years 
belong to ultra-deep wells so that high strength casing steel must be adopted.  
Sour gas is easier to leak into annulus under high-temperature, high-pressure and high levels of 
hydrogen sulfide environment. It may lead to sustain casing pressure [8-9] (SCP) which often induces 
electrochemical corrosion perforation or stress corrosion cracking. Therefore, the wellbore protection 
fluid with corrosion inhibitors is used and electrochemical corrosion can be inhibited effectively [10-11]. 
SCP will lead to high H2S partial pressure and high strength steel may face severe challenges. So, the 
paper refers to actual conditions of a certain gas well in West China and evaluates stress corrosion 
sensitivity of C110 casing steel in NACE A solution and under simulated conditions by DCB method.  
2 Test materials and test method 
2.1. Test materials 
C110 casing steel was adopted as test materials and its chemical compositions is shown in Table 1. 
The steel has low Mn, S, P content and Ti-V-Nb micro-alloying technology is used. Meanwhile, Ni, Cu, 
Cr, Mo are also added in the steel. 
Table 1. Chemical compositions of C110 casing steel   % 
C Si Mn P S Ni Cr Cu Mo Ti Al V Nb 
0.26 0.22 0.46 0.011 0.002 0.04 0.45 0.10 0.72 0.01 0.016 0.08 0.015 
2.2. Test method 
Based on NACE TM 0177-2005 standard, method A and method B can only evaluate the resistance of 
a material to SSC. Compared with the two methods, DCB method can provide the threshold stress 
intensity factors KISSC [12-13], the specific indicator of the resistance to SSC. Therefore, DCB method 
was used to discuss the stress corrosion sensitivity of C110 casing steel in NACE A solution and under 
simulated conditions. The resistance to SSC was researched by the value of KISSC. In this way, the SSC 
resistance of the steel in wellbore protection fluid can be evaluated. 
6 samples and 6 wedges were extracted from the C110 casing whose size is φ177.8×12.7mm, as 
shown in Fig.1. The experiment was conducted under two different conditions, the standard test 
environment provided by NACE standard (solution A, 24℃±3℃) and the simulated conditions. The 
pressure of the simulated conditions is 48MPa, temperature is 110℃, H2S partial pressures is 1MPa, CO2
partial pressures is 0.6MPa, corrosion medium is the wellbore protection fluid and the specimens should 
be immersed in it. The DCB test in standard environment was conducted by atmospheric pressure test 
system which was based on the proof ring test system imported from CORTEST ltd. The HTHP DCB test 
was conducted in HTHP dynamic corrosion instrument (self developed) as shown in Fig.2. The 
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instrument was made by Hastelloy alloy C276 and its volume is 5L, the highest sealing air pressure is 
70MPa and the highest working temperature is 200℃.
The test procedure is as follows: degrease the specimens in petroleum ether and remove the water in 
alcohol. Blow-dry the specimens with cold air and measure the spacing of the loading hole and the 
thickness of the wedges. After that, press the wedge into the slot, flush with the end of the test specimen. 
Remeasure the spacing of the holes, and compute the actual arm displacement. Then put the specimens on 
the tailor-made specimen holder meanwhile to make sure that the specimens are insulated. Put the 
specimen holder in the autoclave and immersed it in the deaerated test solution. The autoclave should be 
purged by introducing pure N2 for 2 hours. Last introduce H2S and CO2 successively and rise the 
temperature and pressure to the set values. The test period is 336h. 
Fig.1. DCB specimen (the left is DCB specimen and the right is the double-tapered wedge) 
Fig.2. HTHP dynamic corrosion instrument (self developed) 
After the experiment, remove corrosion products from the test specimens in clear water. Then obtain 
the load-vs-displacement curve and remove the wedge.  The equilibrium wedge-load (P) is located at the 
abrupt change in slope of this “lift-off” curve. Chill the test specimens in liquid nitrogen and splitting the 
arms apart so that crack length (a) can be measured. The threshold stress intensity factors KISSC can be 
calculated.
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2.3. Test data processing 
Computation model of the threshold stress intensity factor KISSC is as follows: 
KISSC（flat DCB specimen）=
2
3
3
1
)/)(/38.232(
Bh
BnBahPa +
                 （1）
Where: 
KISSC = threshold stress intensity factor for SSC, MPa•m1/2;
P = equilibrium (final) wedge load, measured in the loading plane, KN; 
a = crack length, mm 
h = height of each arm, mm; 
B = test specimen thickness, mm; 
Bn = web thickness, mm. 
3. Results and analysis 
3.1. Stress corrosion sensitivity of C110 casing steel in NACE A solution 
DCB method is used to evaluate the environmental cracking toughness of the material in NACE A 
solution. As shown in Fig.3, there is an obvious boundary line (where the red arrows show in Fig.3) 
between the stress corrosion crack and the new crack formed during chilling and splitting. It can be seen 
that stress corrosion cracking occurred in NACE A solution. Threshold stress intensity factor can be got 
based on formula 1 and is shown in Table 2. 
Fig.3. Macroscopic fracture surface of the split specimens (the specimens in order from left to right are 1-1, 1-2, 1-3) 
Table. 2. An example of a table 
Serial number 
Environmental cracking toughness KISSC(MPa•m1/2)
Test value Average value 
1-1 23.29 
22.78 1-2 22.66 
1-3 22.38 
As Table 2 shows, the environmental cracking toughness value is low and the average value is 22.78 
MPa•m1/2. It is in line with literature [13]. In literature [4] KO-110SS casing steel was evaluated and the 
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results show that it cannot pass the NACE method A. These results show that it is high for the sulfur 
stress cracking sensitivity of 110 grade steel in NACE A solution. 
3.2. Stress corrosion sensitivity of C110 casing material in annulus protection liquid 
DCB method was used to evaluate the environmental cracking toughness under simulated conditions. 
As shown in Fig.4, the new cracks are all growth at the “V” portion. There is no stress corrosion cracking 
and environmental cracking didn’t occur. The KISSC value under simulated conditions is shown in Table 3. 
Environmental cracking toughness value of the specimens under simulated conditions is 76.01MPa•m1/2
and it is higher than the value 22.78MPa•m1/2 in NACE A solution. So, when annulus protection liquid 
works well, it can not only inhibit electrochemical corrosion, but also play a role in inhibition of stress 
corrosion. The results are the same with the literature [14] and [15]. C110 steel has a poor resistance to 
sulfur [4] but fine in simulated environment. 
Fig.4. Macroscopic fracture surface of the split specimens 
Table 3. An example of a table 
Serial number 
Environmental cracking toughness KISSC(MPa•m1/2)
Test value Average value 
1-4 74.93 
76.01 1-5 75.24 
1-6 77.85 
4. Conclusions 
1) Environmental cracking toughness value (KISSC) of C110 casing steel is 22.78MPa•m1/2 in standard 
NACE A solution. It is sensitive to environmental cracking. 
2) Resistance to stress corrosion cracking in annulus protecting liquid (H2S partial pressure is 1MPa, 
temperature is same with actual conditions) is better. Annulus protecting liquid can improve 
environmental cracking resistance property by a large margin. 
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